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In recent years, hot melt extrusion (HME) has been most widely investigated for developing
pharmaceutical medications. HME is a single-step manufacturing process and is suitable for the
extrusion of drug-loaded filaments, films, or patches, and granules. The filaments can be
processed as pellets or can be processed into tablets or capsules. The HME can be coupled with
various downstream processing equipments and process analytical technology (PAT) tools for
transforming into a continuous manufacturing line. Establishing a continuous manufacturing line
will ensure product quality and will benefit both the industries and the patient population. In fact,
the HME can also be paired with additive manufacturing platforms such as fused deposition
modeling (FDM) for the fabrication of on-demand and patient-centric medications. Even complex
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with varying release rates and profiles 5-8. Sustained-
release HME formulations have been developed for a
variety of drugs, including metformin, diltiazem, and
tramadol. Another advantage of HME is its ability to
manufacture multi-layered dosage forms, which offer
several benefits, including improved drug stability,
reduced drug interactions, and sustained release. Multi-
layered dosage forms can be designed with different drug
release rates for combination therapies, or with separate
compartments that are released at different times to
provide a sequential drug release °.

1. Introduction:

Hot melt extrusion (HME) technology is a well-
established process in the pharmaceutical industry for
developing various drug dosage forms. HME is a
continuous and solvent-free manufacturing process in
which drug compounds and excipients are melted and
homogenized through an extruder to form a solid or
semi-solid dosage form. HME technology provides
several advantages over conventional manufacturing
methods, including lower costs, reduced manufacturing
steps, and improved drug bioavailability -4 One of the

key benefits of HME is its ability to enhance the solubility
and bioavailability of poorly soluble drugs. HME can be
used to prepare solid dispersions, which improve drug
solubility and dissolution rates by dispersing the drug
particles in a hydrophilic matrix. This approach has been
successfully used for developing oral formulations of
poorly soluble drugs, such as itraconazole, fenofibrate,
and curcumin.

HME is also a well-suited process for developing
sustained-release formulations, which release the drug
gradually over an extended period. By controlling the
extrusion conditions and selecting appropriate
excipients, HME can be used to formulate dosage forms
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In addition to its benefits in drug formulation,
HME has also been used for quality control and process
optimization. Advanced analytical techniques, such as in-
line monitoring and control systems, have been
developed for HME, allowing for real-time process
monitoring and control. These techniques enable
manufacturers to optimize their manufacturing
processes, reduce waste, and produce high-quality
dosage forms consistently. HME is a valuable technology
for developing pharmaceutical dosage forms 10-14, Its
ability to enhance drug solubility, produce sustained-
release formulations, and manufacture multi-layered
dosage forms makes it a versatile and cost-effective
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process for drug development. As the pharmaceutical
industry continues to explore new drug compounds and
formulations, HME will undoubtedly remain an essential
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process for drug manufacturing and development 1516,
Various applications of HME are shown in Figure 1.
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Figure 1: Various applications of hot melt extrusion technology

Advantages and limitations:

Hot melt extrusion (HME) technology has
numerous advantages in pharmaceutical development,
but also some limitations that must be considered. The
key advantage of HME is its ability to enhance the
solubility and bioavailability of poorly soluble drugs. This
is achieved by dispersing drug particles in a hydrophilic
matrix, resulting in improved solubility and dissolution
rates. HME has been used successfully to develop oral
formulations of poorly soluble drugs, including
itraconazole, fenofibrate, and curcumin. Another
significant advantage of HME is its ability to produce
sustained-release formulations that release the drug
gradually over an extended period 17-21. This is achieved
by controlling the extrusion conditions and selecting
appropriate excipients to formulate dosage forms with
varying release rates and profiles. Sustained-release
HME formulations have been developed for a variety of
drugs, including metformin, diltiazem, and tramadol. In
addition, HME technology is cost-effective and allows for
reduced manufacturing steps, resulting in lower
production costs. Its continuous and solvent-free
manufacturing process also reduces waste and improves
efficiency. HME is also versatile, allowing the production
of multi-layered dosage forms and the addition of various
excipients, such as surfactants, plasticizers, and
stabilizers, to modify the drug release properties.

However, HME has some limitations that need to
be acknowledged. The first limitation is the narrow
processing window, which requires strict control over
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operating conditions, particularly the temperature,
extruder speed, and screw design 22-26, Any variations in
these conditions can affect the drug's quality,
crystallinity, and degradation, compromising the product
quality and consistency. The second limitation is related
to the complexity of HME technology, which requires
significant expertise in material science, chemistry, and
engineering. The development process entails selecting
appropriate excipients, analyzing the physical and
chemical properties of the drug and excipients, and
optimizing the process parameters to achieve the desired
drug release profile. This requires significant time and
resources, which may not be feasible for all drug
products. HME technology has several advantages in
developing pharmaceuticals, including improved drug
solubility, sustained-release formulations, and multi-
layered dosage forms. However, the process's complexity
and narrow processing window require close attention
to optimize drug quality and consistency. These
limitations should be considered when using HME
technology and factored into the overall drug
development strategy.

2. Various applications of HME:

Hot melt extrusion (HME) technology has
numerous applications in developing pharmaceutical
products. HME enables the production of a range of drug
delivery systems, including tablets, capsules, and
transdermal patches, thereby expanding the possibilities
for drug formulation. Additionally, HME can be used to
develop modified release formulations that can release
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drugs over an extended period, thereby improving their
therapeutic efficacy. One of the significant applications of
HME is the production of solid dispersions. Solid
dispersions are widely used to increase the solubility and
bioavailability of poorly water-soluble drugs. HME
technology can produce solid dispersions with improved
homogeneity and uniformity of drug distribution, leading
to improved drug efficacy 27-29.

Another area of application of HME is the
production of mucoadhesive formulations.
Mucoadhesive formulations are designed to adhere to
mucosal surfaces and provide prolonged drug release.
HME can produce mucoadhesive formulations that can
adhere to the mucosal surfaces in the gastrointestinal
tract, thereby improving drug absorption and efficacy.
HME technology is also used to produce amorphous solid
dispersions, which are useful in enhancing the
bioavailability of poorly soluble drugs 30-32, Amorphous
solid dispersions produced using HME technology have
shown better stability and solubility profiles compared
to those produced using traditional methods.

In addition to the above applications, HME can
also be used in the production of transdermal patches,
which offer a convenient and comfortable way of drug
administration. HME technology can produce
transdermal patches that maintain a consistent drug
release rate, thereby improving the therapeutic efficacy
of drugs. Overall, the various applications of HME
technology have revolutionized the pharmaceutical
industry by enabling the development of novel drug
delivery systems that offer improved solubility,
bioavailability, and efficacy 33-37. HME technology's
versatility and flexibility have made it a valuable tool in
the development of new drug delivery systems. As the
technology continues to evolve, it is expected to open up
new possibilities for drug formulation and delivery.

3. Continuous manufacturing of HME:

Continuous manufacturing is a crucial process
for the pharmaceutical industry, as it allows for the rapid
and efficient production of high-quality dosage forms
consistently. Among the various technologies available
for continuous manufacturing, hot melt extrusion (HME)
stands out for its versatility, efficiency, and cost-
effectiveness. In this essay, we will explore the key
features and benefits of HME technology in
pharmaceutical development, as well as its limitations
and challenges. Hot melt extrusion is a process that
involves melting a drug and one or more excipients
together and then squeezing the molten mixture through
a narrow orifice using a screw extruder. The mixture is
then cooled and solidified to form a solid dosage form,
such as a tablet or a capsule. This process offers several
advantages over traditional manufacturing methods,
such as wet granulation or compression 3839,

One of the primary advantages of HME is its
ability to enhance the solubility and bioavailability of
poorly soluble drugs. Poorly soluble drugs are a
significant challenge in pharmaceutical development, as
they often exhibit poor absorption and low efficacy. HME
technology enables the formulation of such drugs by

ISSN: 2250-1177 [89]

Journal of Drug Delivery & Therapeutics. 2025; 15(10):87-97

dispersing drug particles in a hydrophilic matrix,
resulting in improved solubility and dissolution rates.
This leads to better absorption and efficacy of the drug,
as well as reduced variability and increased patient
compliance. Moreover, HME can produce sustained-
release formulations that release the drug gradually over
an extended period. Sustained release is a desirable
feature for many drugs, as it allows for a prolonged
therapeutic effect and a reduced dosing frequency. HME
technology achieves sustained release by controlling the
extrusion conditions and selecting appropriate
excipients to formulate dosage forms with varying
release rates and profiles. This enables the development
of complex drug products that meet specific patient
needs and preferences. Another advantage of HME is its
cost-effectiveness and efficiency 40-44. The continuous
and solvent-free manufacturing process reduces waste
and improves productivity, leading to lower production
costs and faster time-to-market. HME is also versatile,
allowing the production of multi-layered dosage forms
and the addition of various excipients, such as
surfactants, plasticizers, and stabilizers, to modify the
drug release properties. This flexibility allows for the
development of tailored drug products that meet diverse
patient needs and preferences.

However, HME technology also has some
limitations and challenges that need to be considered.
The first limitation is the narrow processing window,
which requires precise control over operating
conditions, particularly the temperature, extruder speed,
and screw design. Any variations in these conditions can
affect the drug's quality, crystallinity, and degradation,
compromising the product's quality and consistency.
Establishing a robust and efficient process control
strategy is therefore essential for optimizing the HME
process and ensuring consistent product quality 45-49.
The second limitation is related to the complexity of HME
technology, which requires significant expertise in
material science, chemistry, and engineering. The
development process entails selecting appropriate
excipients, analyzing the physical and chemical
properties of the drug and excipients, and optimizing the
process parameters to achieve the desired drug release
profile. This requires significant time and resources,
which may not be feasible for all drug products>°.

In addition, regulatory authorities have raised
concerns about the lack of clear guidelines and standards
for implementing continuous manufacturing
technologies such as HME. The current regulatory
framework is generally designed for batch
manufacturing, and the transition to continuous
manufacturing requires new guidelines and standards to
ensure the safety, quality, and efficacy of the drug
products. This calls for collaboration between industry,
academia, and regulatory agencies to develop a robust
and harmonized regulatory framework for continuous
manufacturing technologies 51-53. HME technology is a
valuable tool for developing pharmaceutical dosage
forms that offer improved drug solubility, sustained
release, and multi-layered dosage forms. The
technology's cost-effectiveness, efficiency, and versatility
make it an attractive option for pharmaceutical
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companies looking to optimize their manufacturing
processes and develop innovative drug products.
However, the challenges and limitations of the
technology require careful consideration and planning to
ensure consistent product quality and regulatory
compliance. Moving forward, the pharmaceutical
industry needs to invest in developing robust and
efficient continuous manufacturing strategies and
collaborate with regulatory agencies to establish clear
guidelines and standards for the safe and effective
implementation of  continuous manufacturing
technologies such as HME 54-58,

4. PAT tools:

Hot melt extrusion (HME) is a continuous
manufacturing technology that has been gaining traction
in the pharmaceutical industry due to its cost-
effectiveness, efficiency, and versatility. However, HME
also comes with some challenges and limitations, such as
the narrow processing window and complexity of the
technology, which requires significant expertise in
material science, chemistry, and engineering. In addition,
there are currently no clear guidelines or standards for
implementing this technology 59-62. To ensure consistent
product quality and regulatory compliance when using
HME technology for pharmaceuticals production, it is
important to invest in various compatible process
analytical technology (PAT) tools. These PAT tools can be
used to monitor critical process parameters such as
temperature, pressure, flow rate, etc., providing real-
time data on product quality throughout the entire
manufacturing process. This helps identify any potential
issues early on so they can be addressed quickly before
they become major problems. Additionally, these PAT
tools can help optimize process parameters to ensure
consistent drug release profiles while minimizing waste
and improving productivity, leading to lower production
costs and faster time-to-market.

Hot melt extrusion (HME) technology has emerged as a
cost-effective, efficient, and versatile process for
producing pharmaceutical dosage forms. However, the
complexity of the process poses some challenges in terms
of ensuring consistent product quality and regulatory
compliance. One solution to these challenges is the use of
Process Analytical Technology (PAT) tools. In this article,
we will explore various PAT tools that are suitable for use
with HME technology ¢3-67. PAT tools are designed to
provide real-time monitoring of critical process
parameters during manufacturing, enabling
manufacturers to ensure consistent product quality,
reduce cost, and improve the efficiency of their
processes. Some of the common PAT tools used in the
pharmaceutical industry include Near-Infrared (NIR)
spectroscopy, Raman spectroscopy, and Mass
Spectrometry.

4.1. Near-Infrared (NIR) Spectroscopy

NIR spectroscopy is a widely used PAT tool for
continuous process monitoring and control. This method
involves the use of electromagnetic radiation in the NIR
region of the spectrum to analyze the chemical
composition of a sample. NIR spectroscopy can be used
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to analyze a wide range of materials, including powders,
granules, tablets, and capsules.

NIR spectroscopy is particularly useful for HME
technology because it allows for in situ analysis of the
physical and chemical properties of the material during
the manufacturing process. NIR spectroscopy can be
used to monitor key process parameters such as
temperature, pressure, and residence time 68-72, This
allows for real-time identification of process deviations
that can impact product quality. NIR spectroscopy is also
useful for identifying or quantifying the active
pharmaceutical ingredient (API) in the formulation. This
is especially important when the API is present at low
concentrations, as is often the case in HME formulations.

4.2. Raman Spectroscopy

Raman spectroscopy is another PAT tool
commonly used in the pharmaceutical industry for
process monitoring and control. This technique is based
on the interaction between light and matter. When a
sample is illuminated with a laser, some of the light is
scattered in different directions. The scattered light
contains information about the composition and
structure of the material.

Raman spectroscopy is particularly useful for
monitoring the dispersion of particles in the melt during
HME processing. The technique can be used to identify
the location of drug particles within the melt and the
extent to which they are dispersed 73-76, This information
can be used to optimize the process parameters to ensure
consistent dispersion and minimize the risk of
segregation.

4.3. Mass Spectrometry

Mass spectrometry is a third PAT tool that can be
used for real-time monitoring of hot melt extrusion
processes. This technique is based on the analysis of
ionized molecules in a sample. The sample is ionized and
then passed through a mass spectrometer, where the
ions are separated based on their mass-to-charge ratio.

Mass spectrometry can be used to detect and
quantify impurities in the formulation and verify the
identity of the AP177-79, The technique can also be used to
monitor the degradation of the API and the stability of the
formulation under different processing conditions. Mass
spectrometry is a powerful tool that can provide valuable
information about the chemical composition of the
material. It can also be used to identify key product
quality attributes and monitor changes in the physical
and chemical properties of the material during the
manufacturing process.

Process Analytical Technology (PAT) tools are
essential for monitoring and controlling hot melt
extrusion processes. Near-Infrared (NIR) spectroscopy,
Raman spectroscopy, and Mass Spectrometry are the
most commonly used PAT tools in the pharmaceutical
industry. Each of these techniques provides valuable
information about the physical and chemical properties
of the material, enabling manufacturers to optimize
process parameters, identify potential issues early, and
ensure consistent product quality. By investing in these

CODEN (USA): JDDTAO



Tirupathi Mannala

tools, pharmaceutical manufacturers can improve the
efficiency of their processes, reduce production costs,
and bring innovative drug products to market faster.
With continued advancements in PAT technology, the
future of pharmaceutical manufacturing looks bright.

5. Coupling of HME with the
manufacturing process:

additive

Hot melt extrusion (HME) technology is a widely
used industrial technique in the pharmaceutical industry
that can be applied to various drug delivery systems such
as tablets, capsules, transdermal patches, and more.
However, the recent advances in additive manufacturing
technology have provided a new pathway for designing
complex geometries for medicine and devices. Three-
dimensional (3D) printing is one of these methods that
can be coupled with HME technology for the production
of personalized drug delivery systems. By combining
these two technologies, it is possible to develop
pharmaceuticals by continuous manufacturing 80-82, By
implementing HME with 3D printing, it is possible to
create a 3D model of the drug delivery system with
precision and accuracy. The final product can be used for
customized applications required by personalized
medicine, eliminating any waste that may arise from
conventional manufacturing methods. Three-
dimensional printing allows for a wide range of materials
to be used, including hydrogels that can be used in wound
healing applications, biomaterials for tissue engineering,
and polymer-based implants that can provide an
extended release of drugs.

The coupling of HME and 3D printing has
widespread applications that can be used in various
medical fields. One practical example is the development
of oral drug delivery systems that can offer controlled
release and improved bioavailability by using hot melt
extrusion to produce solid dispersions. These solid
dispersions can be further incorporated with different
polymers to create formulations that are suitable for 3D
printing. The final product may include a complex
geometry with specific porosity and shape to deliver the
right dosage of the drug while minimizing any side effects
83-85, Moreover, coupling the two technologies is also
useful in creating customizable implants for tissue
engineering. The implants can address specific medical
issues that require personalized design by using 3D
printing to fabricate the right size and shape with the
correct function. The implant can be composed of
biodegradable materials and the specific drug or protein
that helps encourage tissue regeneration. By including
the drug within the implant manufactured with the help
of HME technology, the drug can be slowly released over
time, creating a localized therapeutic effect. This can
improve the efficacy of the drug and avoid any unwanted
side effects from systemic administration.

The development of personalized drug delivery
systems can also be applied to treating rare diseases. By
using HME and 3D printing technologies, it is possible to
create customized dosage forms with the exact drug
concentration  required for treatment. These
personalized forms can be particularly useful for
pediatric patients, who often require lower drug doses

ISSN: 2250-1177 [91]

Journal of Drug Delivery & Therapeutics. 2025; 15(10):87-97

based on their body weight and age. By using these
technologies, it is possible to reduce drug waste and
create exact dosage forms that are needed. Furthermore,
these technologies can be used to produce sustained-
release formulations that ensure steady drug
concentrations over a prolonged period. HME technology
can be used to melt and mix different materials to form
solid dispersions, which can then be used in 3D printing
applications by creating homogenous materials
necessary for printing complex geometries. In addition,
coupling 3D printing with HME technology can provide
more precision and accuracy in 3D printing, thus
increasing the efficiency of the drug manufacturing
process 86-89. The ability to improve the drug
manufacturing process has significant implications for
the pharmaceutical industry. By adopting a Continuous
Manufacturing process, which involves the integration of
HME with 3D printing, the industry can produce drug
products that are more efficient, cost-effective, and of
high quality.

One of the challenges in coupling HME with 3D
printing is the process of selecting the appropriate
polymers for use in HME technology that can be
subsequently printed via 3D printing. Researchers have
been working on developing innovative polymeric
systems that are compatible with both HME and 3D
printing processes. One such example is the development
of polymeric filaments that exhibit the necessary
characteristics to be used in both the HME process and in
3D printing applications. The filaments are composed of
different polymers that can be custom mixed to produce
a material that meets the required compatibility and is
suitable for drug development applications. Another
challenge in coupling HME and 3D printing is the effect of
shear forces on the drug delivery system. During HME,
the materials are subjected to severe shear forces, which
can modify the morphology and the chemical structure of
the drug. A critical aspect of the development process is
to use simulation software that can efficiently predict the
physical and chemical changes that may happen during
the HME process. This will help optimize the composition
and control the process parameters to ultimately predict
the outcome of 3D printing.

In conclusion, coupling 3D printing technologies
with hot melt extrusion can revolutionize the
pharmaceutical industry 90-93. The technology can
produce personalized drug delivery systems, implants,
and other medical devices with a higher degree of
accuracy and precision. It can offer a range of
applications that can be used in various medical fields,
including controlled release, improved bioavailability,
and providing localized therapies. The combination of
HME with

6. Regulatory Requirements for Continuous
Manufacturing:

The regulatory requirements for the continuous
manufacturing of HME technology fall under the current
Good Manufacturing Practice (cGMP) regulations, which
are enforced by regulatory agencies worldwide. These
regulations require pharmaceutical companies to
establish robust quality systems that ensure the
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consistent production of safe and effective drug
products. The guidelines are designed to minimize the
risk of contamination, errors, and deviations from the
established procedures and specifications. In 2018, the
US Food and Drug Administration (FDA) released its
"Quality Considerations for Continuous Manufacturing”
guidance document, which provides recommendations
for pharmaceutical companies using continuous
manufacturing technologies, such as HME. The guidance
document outlines the key elements that should be
considered when implementing a continuous
manufacturing process, including process monitoring,
control, validation, and data integrity.

One critical aspect of the FDA's guidance is the
requirement for process understanding, which involves
a thorough characterization of the product and process
parameters that affect product quality. This includes the
use of process analytical technology (PAT) tools such as
NIR spectroscopy, Raman spectroscopy, and mass
spectrometry, which can provide real-time monitoring of
the production process and identify any deviations
before they impact product quality. The European
Medicines Agency (EMA) has also published guidance
related to continuous manufacturing, including its
"Guideline on Process Validation for Finished Products -
Information and Data to be Provided in Regulatory
Submissions." This guidance document emphasizes the
importance of process validation and the need to provide
extensive data to regulatory agencies to demonstrate the
robustness of the manufacturing process. The EMA also
recommends the use of Continuous Process Verification
(CPV), which involves the ongoing monitoring of the
manufacturing process to ensure that the product
consistently meets its required quality attributes 94-%8.

7. Benefits of Continuous Manufacturing:

Continuous  manufacturing using HME
technology provides several benefits to pharmaceutical
companies, including cost savings, reduced production
time, and improved product quality. The use of HME
enables the production of solid dispersions,
mucoadhesive drug delivery systems, and amorphous
solid dispersions, which can improve the solubility,
dissolution rate, and bioavailability of poorly soluble
drugs.

Continuous manufacturing also reduces the risk
of batch failures and product recalls, as the process
provides real-time monitoring and control of critical
process parameters. The use of PAT tools enables
pharmaceutical companies to identify any deviations
from the established process before they impact product
quality, reducing the risk of manufacturing errors and
avoiding the costly consequences of product recalls 99100,

8. Challenges of Continuous Manufacturing:

Although the use of continuous manufacturing
using HME technology provides several benefits, it also
presents some challenges that must be addressed to
ensure product quality and patient safety. One major
challenge is the need for process understanding, which
involves extensive characterization of the product and
process parameters. Process understanding is critical for
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the successful implementation of continuous
manufacturing, as it enables pharmaceutical companies
to optimize the process, ensure consistent product
quality, and avoid issues that could impact patient safety.

Another significant challenge is the need for
regulatory approval. The regulatory requirements for the
continuous manufacturing of pharmaceuticals are still
evolving, and pharmaceutical companies must work
closely with regulatory agencies to ensure that they
comply with the latest regulations and guidelines. In
addition to regulatory approval, pharmaceutical
companies must also consider the potential impact of
continuous manufacturing on their supply chains.
Continuous manufacturing requires different equipment,
skills, and processes than traditional batch
manufacturing, and companies must invest in training,
equipment, and facilities to support this change. The
continuous manufacturing of HME technology enables
pharmaceutical companies to produce various dosage
forms with improved drug properties and consistent
quality while reducing the risk of batch failures and
product recalls. However, this technology also presents
challenges that must be addressed to ensure patient
safety and product quality. Pharmaceutical companies
must work closely with regulatory agencies to ensure
compliance with the latest regulations and guidelines,
invest in training and equipment, and establish robust
quality systems that ensure the consistent production of
safe and effective drug products 101102, With the
continued advancement of PAT tools and regulatory
guidance, the future looks promising for the widespread
implementation of continuous manufacturing using HME
technology in the pharmaceutical industry.

9. Future Perspectives of Continuous

Manufacturing:

Continuous manufacturing using hot melt
extrusion (HME) technology has been gaining traction in
the pharmaceutical industry due to its numerous
benefits. As the industry continues to evolve, HME-based
continuous manufacturing is expected to become more
widespread. In the future, it is anticipated that there will
be advancements in several areas that will further enable
the adoption of this technology 9103. One area of
advancement is process control and optimization. As the
industry moves toward Industry 4.0, there will be
increased use of process analytical technology (PAT) and
automation, which will provide real-time monitoring and
control of critical process parameters. This will further
improve the consistency and efficiency of the
manufacturing process, ultimately resulting in higher-
quality drug products 1718,

Another area of research and development is the
use of novel materials in continuous manufacturing. HME
technology can be used to produce a variety of drug
delivery  systems, including solid dispersions,
mucoadhesive formulations, and amorphous solid
dispersions. With the exploration of new materials and
formulations, it is anticipated that HME continuous
manufacturing could produce even more innovative and
effective drug products. The regulatory landscape for
continuous manufacturing is also expected to become
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clearer in the future. As more pharmaceutical companies
adopt this technology, regulatory bodies are likely to
establish clearer guidelines and regulations for its use.
This will provide more certainty for pharmaceutical
companies and encourage further adoption of HME
continuous manufacturing.

Additionally, the integration of continuous
manufacturing with other emerging technologies, such as
artificial intelligence and machine learning, could lead to
further improvements in process efficiency and
optimization. These technologies could help predict
deviations and optimize process parameters, thus
reducing waste and improving product quality. The
future of HME continuous manufacturing is bright and
holds great promise for the pharmaceutical industry 23.29,
Through advancements in process control and
optimization, the use of novel materials, clearer
regulatory guidelines, and integration with emerging
technologies, continuous manufacturing using HME
technology is expected to become more efficient, cost-
effective, and capable of producing high-quality drug
products.

10. Conclusion

With the increasing demand for pharmaceutical
medications, meeting the demands of supply chain
implementation of continuous manufacturing will
benefit both the industries and the patient population.
Among various manufacturing platforms, HME is capable
of being transformed into a continuous manufacturing
line. The concept of screw design and mixing efficiency
makes the HME platform a viable equipment for
continuous manufacturing. Along with amorphous solid
dispersions, the HME is also capable of a continuous
granulation process, which can be coupled with various
downstream equipments for the fabrication of the final
desired dosage form. The HME can also be paired with an
additive manufacturing platform for developing on-
demand and patient-centric medications. By mounting
suitable PAT tools, the quality of the product can be
continuously monitored and controlled, ensuring
enhanced assurance for patient safety. Overall, the HME-
based continuous manufacturing platform has various
advantages and is a viable opportunity for the industrial
sector.
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